Abstract. The aim of the present study was to investigate the expression and biological functions of microRNA (miR)-138 in ovarian cancer at the tissue and cellular levels, as well as its underlying mechanisms. A total of 47 patients with ovarian cancer were included in the present study. Ovarian cancer tissues were subjected to staging classification according to the FIGO 2000 criteria. Lymphatic metastasis was also examined. Ovarian cancer A2780 cells were transfected using liposomes. Reverse transcription-quantitative polymerase chain reaction was used to measure the expression of miR-138. A Cell-Counting Kit 8 assay was used to examine cell viability, while a Transwell assay was employed to study cell invasion and migration. The effects of miR-138 on SOX12 protein expression were examined by western blot analysis. A dual luciferase reporter assay was performed to identify the direct interaction between miR-138 and SOX12 gene. Expression of miR-138 was downregulated in ovarian cancer tissues. The level of miR-138 in patients with ovarian cancer with lymphatic metastasis was significantly lower compared with patients without lymphatic metastasis. However, expression of miR-138 was not associated with the stage of ovarian cancer. Upregulation of miR-138 inhibited the proliferation and suppressed the invasion and migration of A2780 cells. SOX12 promoted the proliferation, invasion and migration of A2780 cells. In addition, miR-138 downregulated the expression of SOX12 via binding with the 3'-UTR of SOX12 gene. The present study demonstrates that miR-138 expression is downregulated in ovarian cancer tissues and miR-138 acts as a tumor suppressor gene by inhibiting SOX12 expression and the proliferation, invasion and migration of ovarian cancer cells.
Introduction
Cervical cancer, ovarian cancer and endometrial cancer are the three most common malignant tumor types of the female genital system (1, 2) . Ovarian cancer accounts for only 4% of malignant tumors in women, but it has the highest mortality rate among all gynecological malignant tumor types (3, 4) . Recurrence and early metastasis of tumor cells are the primary reasons for the poor prognosis of patients with ovarian cancer (5) . Ovarian tissue is located deep within the female pelvic cavity and the symptoms of ovarian cancer are usually hard to detect. Due to the lack of specific early diagnosis, the majority of patients who are diagnosed with ovarian cancer are in the middle or advanced stages of the disease, or have distant metastasis, leading to poor prognosis (6, 7) . In recent years, the combination of surgery and chemotherapy has significantly improved the 5-year survival rate of patients with ovarian cancer, but the overall prognosis is still poor (8, 9) . It is reported that the occurrence and development of ovarian cancer is a complex process that involves multiple genes, steps and stages, and the molecular mechanism of ovarian cancer is still unclear (10) . Therefore, screening key genes that are associated with the malignant biological behavior of ovarian cancer will be valuable in improving the early diagnosis and treatment of ovarian cancer.
MicroRNA (miRNA or miR) molecules are non-coding small RNA molecules consisting of 18-22 nucleotides (11) . miRNAs are able to regulate mRNA translation by binding with the 3'-untranslated region (3'-UTR) of target genes (12) . miRNAs are involved in nearly all pathophysiological processes and stably exist in body fluids, including peripheral blood, urine and saliva, which makes them key biomarkers and therapeutic targets (13) . A previous study demonstrated that expression of miRNAs is disordered in multiple tumor tissues, and miRNAs serve oncogene and tumor-suppressor gene functions (14) . For example, miR-590-5p activates the Akt/extracellular signal-regulated kinase signaling pathway by downregulating expression of reversion-inducing-cysteine-rich protein with kazal motifs, resulting in the promotion of proliferation and migration in gastric cancer cells (15) . In addition, miR-138 acts as a tumor-suppressor gene by regulating the expression of different genes in multiple tumor types. For example, miR-138 inhibits the invasion and metastasis of non-small cell lung cancer (NSCLC) cells by decreasing the expression of LIMK1 gene (16) . Furthermore, miR-138 suppresses the proliferation, invasion and metastasis of hepatocellular carcinoma by downregulating SOX9 gene expression (17) . In colon cancer, miR-138 regulates programmed cell death protein 1 expression and inhibits distant metastasis of tumor cells (18) . It has also been reported that miR-138 inhibits the proliferation, invasion and migration of ovarian cancer cells via targeted inhibition of SOX4 and hypoxia-inducible factor-1α (19) . Therefore, miR-138 has a variety of downstream target genes that are involved in numerous signaling pathways and biological functions. However, the expression of miR-138 in ovarian cancer tissues and its clinical importance are not yet clear. The present study aimed to investigate the expression and biological functions of miR-138 in ovarian cancer.
Materials and methods
Patients. A total of 47 female patients (age range, 32-63 years; mean age, 41.5 years) with ovarian cancer who received surgical resection at Department of Obstetrics, The Affiliated Hospital of Jining Medical University (Jining, China) between February 2014 and October 2015 were included in the present study. Patients with any other tumors, chronic basic diseases, autoimmune diseases or a history of long-term medicine use were excluded. Resected primary ovarian cancer tissues were diagnosed and classified by two individual pathologists as epithelial ovarian cancer. Contralateral normal ovarian tissues were also resected as controls. According to the FIGO 2000 criteria (20) , ovarian cancer tissues were subjected to staging classification. Among all cases, 11 were at stage I, 13 were at stage II, 13 were at stage III and 10 were at stage IV. In addition, 25 cases had lymphatic metastasis, while the other 22 cases had no lymphatic metastasis. All tissues were frozen in liquid nitrogen and stored at -80˚C. None of the patients had history of other tumors or complications, or received chemoradiotherapy or any other anti-tumor therapies. The clinical information and pathological data of all subjects were collected. All procedures were approved by the Ethics Committee of Jining Medical University. Written informed consent was obtained from all patients or their families.
Cells. Ovarian cancer A2780 cells (Type Culture Collection of the Chinese Academy of Sciences, Shanghai, China) were cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (both Thermo Fisher Scientific, Inc., Waltham, MA, USA) at 37˚C. On the day before transfection, A2780 cells (2x10 5 ) with log-phase growth were seeded onto 24-well plates containing RPMI-1640 without fetal bovine serum or antibiotics. The cells were divided into negative control (NC) and miR-138 mimic groups. When the cells reached 70-80% confluence, 1.5 µl miR-138 mimic (5'-AGC UGG UGU UGU GAA UCA GGC CG-3'; 25 pmol/µl) or miR-NC (cat. no. miR01201-1-5; both Guangzhou RiboBio Co., Ltd., Guangzhou, China) and 1 µl liposome (Lipofectamine ® 2000) were mixed with 50 µl OptiMEM medium (both Thermo Fisher Scientific, Inc.), in individual Eppendorf tubes. Following standing for 5 min, the contents of the two Eppendorf tubes were mixed and kept at room temperature for 20 min, followed by addition into each culture well of a 24-well plate (1x10 5 cells/well). After an incubation at 37˚C for 6 h, the medium was replaced with fresh RPMI-1640 medium supplemented with 10% fetal bovine serum, and the cells were cultured under 37˚C and 5% CO 2 for 48 h prior to use. For the target gene function analysis, the cells were transfected with small interfering RNA (siR)-SOX12 (5'-CAT GGC GGA TTA CCC GGA CTA-3') and siR-NC (5'-UUT CCU CCG AAC GUG UCA CGU tt-3'; Hanbio Biotechnology Co., Ltd., Shanghai, China) instead of miR-138 mimic and miR-NC, using the same transfection procedure as described above.
For the rescue study, the cells were infected with lentiviral vector with overexpression of SOX12 (LV-GFP-Puro-sox12; Hanbio Biotechnology Co., Ltd.) with multiplicity of infection of 20. Following incubation at 37˚C for 72 h, the cells were harvested for further use.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Ovarian cancer and control tissues (100 mg) were ground into powder in liquid nitrogen and mixed with 1 ml TRIzol (Thermo Fisher Scientific, Inc.) for lysis. Then, total RNA was extracted using the phenol chloroform method (21) . The purity of RNA was determined by A260/A280 using ultraviolet spectrophotometry (Nanodrop 2000 Spectrophotometer; Thermo Fisher Scientific, Inc.). Then, cDNA was obtained by RT at 37˚C for 1 h using a Reverse Transcription system (Takara Biotechnology Co., Ltd., Dalian, China) from 1 µg RNA and stored at -20˚C.
The expression of miR-138 was determined using an SYBR PrimeScript RT-PCR kit (Takara Biotechnology Co., Ltd.), using U6 as internal reference. The reaction system (20 µl) contained 10 µl qPCR mix, 0.5 µl upstream primer (miR-138, 5'-AGC TGG UGT TGT GAA TCA GGC CG-3'; U6, 5'-CTC GCT TCG GCA GCA CA-3'), 0.5 µl downstream universal primer (miR-138, provided by the kit; U6, 5'-AAC GCT TCA CGA ATT TGC GT-3'), 1 µl cDNA and 8 µl ddH 2 O. The reaction protocol was: Initial denaturation at 95˚C for 10 min, followed by 40 cycles of 95˚C for 1 min and 60˚C for 30 sec (iQ5; Bio-Rad Laboratories, Inc., Hercules, CA, USA). The 2 -ΔΔCt method (22) was used to calculate the relative expression of miR-138 against the internal reference. Each sample was tested in triplicate.
Cell Counting Kit 8 (CCK-8) assay.
Cells were seeded at 2,000 cells/well in 96-well plates for transfection. At 48 h after transfection, the cells were subjected to CCK-8 assay in order to evaluate proliferation rates. At 24, 48 and 72 h after the initial 48 h of transfection, the RPMI-1640 medium was discarded, and the cells were washed with phosphate-buffered saline twice, followed by the addition of 10% CCK-8 reaction reagent (Beyotime Institute of Biotechnology, Shanghai, China) diluted in RPMI-1640 medium at 37˚C. After incubation at 37˚C for 1 h, the absorbance of each well was measured at 490 nm for plotting cell viability curves. Each group was tested in three replicate wells and the values were averaged.
Flow cytometry. Cells (1x10 6 ) were washed with phosphate-buffered saline three times before centrifugation at 500 x g for 5 min at room temperature. After discarding the supernatant, the cells were subjected to cell cycle determination using a BD Pharmingen Cell Cycle kit (BD Biosciences, Franklin Lakes, NJ, USA) according to the manufacturer's protocol. Briefly, the cells were mixed with 150 µl A solution before gentle mixing and standing for 10 min at room temperature. Then, 150 µl B solution was added before gentle mixing and standing for 10 min at room temperature. After addition of 120 µl C solution, the cells were incubated in the dark for 15 min before flow cytometry (FACSVerse™; BD Biosciences). ModFit 3.1 software (BD Biosciences) was used to analyze the data.
Western blotting. Ovarian cancer and control tissues were ground into powder in liquid nitrogen and 100 mg of the powder was mixed with 100 µl precooled radio-immunoprecipitation assay lysis buffer (Beyotime Institute of Biotechnology) containing 1% phenylmethylsulfonyl fluoride for lysis overnight at 4˚C. Then, the mixture was centrifuged at 12,000 x g and 4˚C for 15 min. The supernatant was used to determine protein concentration with a bicinchoninic acid protein concentration determination kit (RTP7102; Real-Times Biotechnology Co., Ltd., Beijing, China). Protein samples (50 µg) were then mixed with 5X sodium dodecyl sulfate (SDS) loading buffer before denaturation in a boiling water bath for 10 min. Afterwards, the samples (20 µg/lane) were subjected to 10% SDS-PAGE at 100 V. The resolved proteins were transferred to polyvinylidene difluoride membranes on ice (100 V, 1 h) and blocked with 50 g/L skimmed milk at room temperature for 1 h. Then, the membranes were incubated with mouse anti-human SOX12 (1:1,000; cat. no. SAB1409702; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and GAPDH (1:5,000; cat. no. ab8245; Abcam, Cambridge, UK) polyclonal primary antibodies at 4˚C overnight. Following five washes with phosphate-buffered saline with Tween-20 (5 min/wash), the membranes were incubated with polyclonal goat anti-mouse horseradish peroxidase-conjugated secondary antibody (1:10,000; cat. no. ab6789; Abcam) for 1 h at room temperature. The membranes were washed five times with phosphate-buffered saline with Tween-20 (5 min/wash), then developed using an enhanced chemiluminescence detection kit (Sigma-Aldrich; Merck KGaA) for imaging. Image Lab v3.0 software (Bio-Rad Laboratories, Inc.) was used to acquire and analyze imaging signals. The relative expression of SOX12 protein was calculated against GAPDH.
Transwell assay. For invasion assay, Matrigel was thawed at 4˚C overnight and diluted with serum-free RPMI-1640 medium (dilution 1:1). The mixture (20 µl) was evenly smeared into the upper chamber of a Transwell insert (Merck KGaA) and incubated at 37˚C for 1 h. For migration assay, Matrigel was not added. After solidification, 1x10 5 cells from each group were seeded into the upper chamber containing 200 µl serum-free RPMI-1640 medium. In addition, 500 µl RPMI-1640 medium supplemented with 10% fetal bovine serum was added into the lower chamber. After 48 h, the chamber was removed and the cells in the upper chamber were wiped off. After being fixed with 4% formaldehyde for 10 min, the membrane was stained at room temperature for 2 h using the Giemsa method for light microscopic observation of 5 random fields (magnification, x200). The number of cells was calculated for the evaluation of cell invasion and migration ability. All procedures were performed on ice with pipetting tips being cooled at 4˚C.
Dual luciferase reporter assay. Bioinformatics prediction is a powerful tool for the study of the functions of miRNAs. To understand the regulatory mechanism of SOX12 in ovarian cancer, miRanda (www.microrna.org/microrna/home. do), TargetScan (www.targetscan.org), PiTa (http://genie. weizmann.ac.il/pubs/mir07/mir07_data.html), RNAhybrid (http://bibiserv.techfak.uni-bielefeld.de/rnahybrid/) and PICTA (http://pictar.mdc-berlin.de/) databases were used to predict miRNA molecules that may regulate SOX12. It was identified that miR-138 was potentially able to regulate SOX12. According to bioinformatics results, wild-type (WT) and mutant seed regions of miR-138 in the 3'-UTR of SOX12 gene were chemically synthesized in vitro, with SpeI and HindIII restriction sites added. These were then cloned into pMIR-REPORT luciferase reporter plasmids (Thermo Fisher Scientific, Inc.). Using Lipofectamine 3000 (Thermo Fisher Scientific, Inc.), plasmids (0.8 µg) with WT or mutant 3'-UTR DNA sequences were co-transfected with agomiR-138 (100 nM; Sangon Biotech, Shanghai, China) into 293T cells (American Type Culture Collection, Manassas, VA, USA). Following cultivation for 24 h, the cells were lysed using Dual-Luciferase ® Reporter Assay System (Promega Corporation, Madison, WI, USA) according to the manufacturer's protocol, and fluorescence intensity was measured using a GloMax 20/20 luminometer (Promega Corporation). Using Renilla fluorescence activity as an internal reference, the fluorescence values of each group of cells were measured.
Statistical analysis. Statistical analysis was performed using SPSS 11.0 (SPSS, Inc., Chicago, IL, USA). Measurement data were expressed as the mean ± standard deviation. Data were tested for normality. Two groups of data were compared using t-tests. Multiple groups of data were analyzed using one-way analysis of variance. In cases of homogeneity of variance, the Student-Newman-Keuls post hoc test was used for multiple comparisons. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of miR-138 is associated with the early occurrence and metastasis of ovarian cancer.
To measure the expression of miR-138 in ovarian cancer tissues, RT-qPCR was performed. The data indicated that the level of miR-138 in ovarian cancer tissues was significantly lower compared with the control tissues (P<0.05; Fig. 1A ). In addition, the level of miR-138 in ovarian cancer patients with lymphatic metastasis was significantly lower compared with in patients without lymphatic metastasis (P<0.05; Fig. 1B) . Compared with the control group, the level of miR-138 in ovarian cancer tissues at stages I, II, III and IV was significantly reduced (P<0.05), but no significant differences were observed among the four stages (Fig. 1C) . These results suggest that the expression of miR-138 is associated with the early occurrence and metastasis of ovarian cancer.
Upregulation of miR-138 inhibits the proliferation of A2780 cells.
To evaluate the effect of miR-138 on the proliferation of A2780 cells, a CCK-8 assay was performed. The data indicated that the absorbance of cells transfected with miR-138 mimic was significantly lower compared with cells transfected with miR-NC at 48 and 72 h (P<0.05; Fig. 2 ). These results indicate that upregulation of miR-138 inhibits the proliferation of A2780 cells.
Overexpression of miR-138 inhibits the proliferation of A2780 cells by suppressing their G 1 /S phase transition.
To detect cell cycle distribution, flow cytometry was performed. The data indicated that the percentage of G 1 phase cells in the miR-138 mimic group was significantly higher compared with the miR-NC group (P<0.05), while the percentage of S phase cells in the miR-138 mimic group was significantly lower compared with the miR-NC group (P<0.05; Fig. 3 ). These results suggest that overexpression of miR-138 inhibits the proliferation of A2780 cells by suppressing their G 1 /S phase transition.
miR-138 suppresses the invasion and migration of A2780 cells.
To investigate the invasion and migration abilities of A2780 cells, Transwell assays were used. The invasion assay indicated that the number of cells that crossed the Transwell membrane in the miR-138 mimic group was significantly lower compared with the miR-NC group (P<0.05; Fig. 4A) . Similarly, the migration assay indicated that the number of cells that crossed the Transwell membrane in the miR-138 mimics group was significantly reduced compared with the miR-NC group (P<0.05; Fig. 4B ). These results suggest that miR-138 suppresses the invasion and migration of A2780 cells. 05; Fig. 5D ). These results indicate that SOX12 promotes the proliferation, invasion and migration of A2780 cells.
miR-138 downregulates the protein expression of SOX12.
To determine protein expression, western blotting was performed. The data indicated that the expression of SOX12 protein in the miR-138 mimics group was significantly lower compared with the miR-NC group (P<0.05; Fig. 6A ). Transfection with siR-SOX12 significantly reduced SOX12 protein expression compared with the siR-NC group (P<0.05; Fig. 6B ). In addition, SOX12 protein expression in cells with overexpression of SOX12 was significantly higher compared with the NC (P<0.05; Fig. 6C ). These results indicate that miR-138 downregulates the protein expression of SOX12. 
miR-138 downregulates the expression of SOX12 by binding with the 3'-UTR of SOX12 gene.
To understand whether miR-138 directly targets SOX12, a dual luciferase reporter assay was performed. The data indicated that transfection with miR-138 mimics and pMIR-REPORT-wild type SOX12 led to significantly reduced fluorescence intensity compared with the miR-NC group (P<0.05), while transfection with miR-138 mimics and pMIR-REPORT-mutant SOX12 resulted in similar fluorescence intensity compared with the miR-NC group (Fig. 7) . These results suggest that miR-138 downregulates the expression of SOX12 by binding with the 3'-UTR of SOX12 gene.
Discussion
Previous studies have reported that miRNA molecules have important functions in the occurrence and development of tumors by widely participating in processes including proliferation, differentiation, apoptosis and cell cycle (23, 24) . For example, miR-590 inhibits the occurrence and metastasis of NSCLC via targeted regulation of ADAM9 gene expression (25) . In addition, miR-146a acts as a tumor-suppressor gene by inhibiting the proliferation, invasion and metastasis of cervical cancer and colon cancer cells (26) . However, certain miRNA molecules may promote the occurrence and development of tumors. For example, miR-574-5 promotes the distant metastasis of NSCLC by targeting PTPRU gene, while miR-10b facilitates the proliferation and metastasis of hepatocellular carcinoma by downregulating the expression of CUB and Sushi multiple domains 1 (27) . In the present study, it was identified that miR-138 expression is significantly reduced in ovarian cancer cells, and the level of miR-138 in patients with lymphatic metastasis is significantly lower compared with patients without lymphatic metastasis, suggesting that miR-138 expression is associated with the invasion and migration of ovarian cancer cells. In addition, the levels of miR-138 in ovarian cancer patients at stages I, II, III and IV are not significantly different from each other, suggesting that miR-138 is associated with the early occurrence of ovarian cancer. At the cellular level, it was identified that overexpression of miR-138 inhibits the proliferation, invasion and migration of A2780 cells. This suggests that miR-138 acts as a tumor-suppressor gene in the occurrence and development of ovarian cancer and the downregulation of miR-138 promotes the proliferation, invasion and migration of ovarian cancer cells.
SOX genes, members of the high mobility group superfamily, primarily encode transcription factors (28, 29) . SOX genes have been demonstrated to be associated with the differentiation and proliferation of cells (30) , and have oncogene functions (31, 32) . It is reported that SOX10 and SOX1 are tumor-associated antigens of melanoma and small cell lung cancer cells, respectively (33, 34) . The expression of SOX genes is not the same in different tumor types. For example, SOX7 expression is upregulated in esophageal squamous cell carcinoma and gastric carcinoma (35) , but is downregulated in prostate cancer, breast cancer and rectal cancer (36) . SOX12 is a member of the SOX family, but its function and mechanism of action in tumors is not yet clear. A previous study demonstrated that SOX12 is upregulated in breast cancer and promotes the invasion and migration of tumor cells (37) . Huang et al (38) demonstrated that SOX12 directly regulates FoxQ1, upregulates the expression of Twist1 and FGFBP1, and facilitates the invasion and metastasis of hepatocellular carcinoma. In the present study, it was identified that miR-138 regulates the SOX12 gene by directly binding with the 3'-UTR of SOX12 and inhibiting the expression of SOX12 protein. In addition, overexpression of SOX12 gene in A2780 cells promoted the proliferation, invasion and migration of A2780 cells, while silencing of SOX12 gene reduced the proliferation, invasion and migration of the cells, suggesting that SOX12 gene is an oncogene in A2780 cells. Furthermore, miR-138 inhibits the occurrence and development of ovarian cancer by downregulating the expression of SOX12 gene.
In the present study, changes in miRNA molecules were determined in tumor tissues. Due to the complexity of tumor tissue components, the distribution of miRNA molecules in tissues is not yet clearly known. One of the limitations of the present study is the absence of in situ hybridization to determine the expression of miRNA in specimens observed by microscopy.
In conclusion, miR-138 expression is downregulated in ovarian cancer and thus, SOX12 gene expression is upregulated and the occurrence and development of ovarian cancer is promoted. Therefore, miR-138 is a potential therapeutic target and biomarker for ovarian cancer.
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